Academic medical centers (AMCs) fulfill numerous essential functions in the American health care system. 1, 2 Their raison d'être is the education of successive generations of new physicians, and they are also the main locus for conducting research and pursuing innovation to improve clinical patient care and health system performance.
Less appreciated, however, are the unique roles that AMCs play in delivering local and regional health care. In particular, they are often the primary health care providers for urban minority populations, and they accept in transfer those complex and seriously ill patients who cannot be cared for in other hospitals. Both of these important functions may contribute to their higher costs of care and, depending on the adequacy of risk adjustment, may negatively impact the clinical quality ratings at these institutions. In an era of aggressive health care reform, intense financial pressures, and performance report cards with inconsistently robust methodology, we must better characterize the unique patient populations of major teaching hospitals.
To quantify these distinctive features of AMCs, we used contemporary national Medicare data to compare the patient populations served by hospitals of varying teaching intensity. We focused on three common medical conditions (acute myocardial infarction, heart failure, and pneumonia), which together accounted for 9.7% of Medicare shortstay discharges in 2009 and 2010.
Method

Study population
We identified Medicare beneficiaries ≥ 66 years of age from the 50 states, the District of Columbia, Puerto Rico, Guam, and Virgin Islands who were hospitalized in short-term, acute care, general hospitals during 2009-2010 with a principal discharge diagnosis of acute myocardial infarction, heart failure, or pneumonia and were enrolled in fee-forservice coverage in the 12 months prior to their index admissions. We obtained our data from the Centers for Medicare and Medicaid Services (CMS) Medicare Provider Analysis and Review (MEDPAR) file. 3 To identify our study cases, we To quantify the role of teaching hospitals in direct patient care, the authors compared characteristics of patients served by hospitals of varying teaching intensity.
Method
The authors studied Medicare beneficiaries ≥ 66 years old, hospitalized in 2009-2010 for acute myocardial infarction, heart failure, or pneumonia. They categorized hospitals as nonteaching, teaching, or Council of Teaching Hospitals and Health Systems (COTH) members and performed secondary analyses using intern and resident-to-bed ratios. The authors used descriptive statistics, adjusted odds ratios, and linear propensity scores to compare patient characteristics among teaching intensity levels. They supplemented Medicare mortality model variables with race, transfer status, and distance traveled.
Results
Adjusted for comorbidities, black patients had 2. 44 
Conclusions
Major teaching hospitals are significantly more likely to provide care for minorities and patients requiring transfer from other institutions for advanced care. Both are essential to an equitable and high-quality regional health care system.
used the International Classification of Disease Revision 9-Clinical Modification (ICD-9-CM) codes 4 (see Supplemental  Digital Table 1 , http://links.lww.com/ ACADMED/A172).
Hospital teaching intensity
In our primary analyses, we used one common method of categorizing teaching intensity [5] [6] [7] [8] : AMC hospitals that were members of the Council of Teaching Hospitals and Health Systems (COTH); teaching hospitals that were not COTH members but had some residency programs; and nonteaching hospitals that met neither criterion. We identified hospital teaching status (yes/no) using Medicare cost reports and determined COTH status from the COTH membership directory. To link teaching status with patient characteristics from MEDPAR data, we used the hospital Medicare ID codes.
To assess the robustness of our findings, we then repeated these analyses by classifying hospitals on the basis of their number of residents and interns per bed (IRB). 9, 10 We defined hospitals as nonteaching if they indicated "no" to the teaching hospital question in the Medicare cost reports. We classified all teaching hospitals ("yes" to the teaching hospital question in the Medicare cost reports) as either major or minor teaching hospitals using three different IRB criteria: 0.097 (median IRB of all teaching hospitals), 0.278 (75th percentile IRB of all teaching hospitals), and 0.629 (90th percentile IRB of all teaching hospitals).
We initially identified 2,035,182 discharges with acute myocardial infarction, heart failure, or pneumonia as the principal diagnosis for fee-for-service patients ≥ 66 years of age. We excluded 23,158 cases (acute myocardial infarction: 3,907; heart failure: 9,254; pneumonia: 9,997) from subsequent analyses because we could not match their hospital Medicare ID codes (192 hospitals) with either the COTH membership database or Medicare cost reports. Overall, our analyses included 409,736 acute myocardial infarction, 916,793 heart failure, and 685,495 pneumonia discharges from 272 COTH hospitals, 797 non-COTH teaching, and 2,203 nonteaching hospitals.
Outcome variable and covariates
As originally defined by Rosenbaum and Rubin in 1983, 11 the "propensity score is the conditional probability of assignment to a particular treatment given a vector of observed covariates." Propensity scores are most commonly used to balance, match, or stratify patient populations to reduce the inevitable differences in measured confounders between treatment groups that are always present in nonrandomized studies 12 and that lead to bias. In logistic models commonly used to estimate propensity scores, the outcome variable is the treatment group rather than a clinical outcome, such as mortality. For the propensity models used in this study, the primary outcome variable was the type of hospital at which a patient was treated rather than a treatment group, but the concept is analogous.
In our study, propensity scores provided a convenient summary of the available information about particular patients. The distribution of these scores among various types of hospitals served to summarize and illustrate differences in overall patient mix. 13 Our propensity model covariates included patient demographic characteristics (age, sex, and race [white, black, Hispanic, Asian/Pacific, and Native American/other]) and admission origin (four mutually exclusive groups: transfer from another hospital's inpatient setting; transfer from another hospital's emergency department; transfer from a hospital's own emergency department; and other). Patient medical history and comorbidities were based on the relevant CMS mortality models. [14] [15] [16] We used one-year "look-back" data (Medicare 2008-2010 inpatient records) both to determine each patient's past history and comorbidities and to confirm whether a potential comorbidity on the index admission was previously noted and, thus, unlikely to be a complication of care. Based on CMS mortality models, our models included 10 medical diagnoses and 15 comorbidities for acute myocardial infarction, 8 medical diagnoses and 14 comorbidities for heart failure, and 7 medical diagnoses and 22 comorbidities for pneumonia.
We controlled for distance traveled beyond the nearest hospital (log transformation of the difference in distance between the hospital where a patient was actually admitted and the closest hospital to the patient's zip code) because proximity is a strong confounder of hospital choice.
Because the main outcome of our logistic propensity model was hospital type and not mortality, we included all discharges for analysis and treated each independently. If a patient was transferred from one hospital to the second hospital, we included both discharges. To avoid classifying complications from an initial hospitalization as comorbidities in a subsequent admission, we derived covariate information for both discharges from the first hospital (except for the location of an acute myocardial infarction, which we obtained from both hospitals).
Statistical analysis
We used bivariate analyses to compare demographic, clinical characteristics, and unadjusted 30-day all-cause mortality status (deaths/number of discharges, measured from the day of admission) for all eligible discharges, across all levels of hospital teaching intensity. We used the chi-square test for categorical variables and ANOVA for continuous variables.
We used multinomial logistic regression to estimate the probabilities of admission to a COTH hospital, a non-COTH teaching hospital, and a nonteaching hospital for each patient, conditional on their individual covariates. Operationally, we performed these analyses using nonteaching hospitals as the reference group for all models, and we referred to the estimates as linear propensity scores. For each level of hospital teaching status, we estimated the distribution of the linear propensity scores of all their patients for admission to a COTH hospital, using a kernel density estimator. We repeated these analyses using various methods for differentiating levels of teaching intensity (e.g., COTH membership or various IRB cut points). After estimating the propensity models, we tabulated the odds ratios (for admission to various types of hospitals) associated with various demographic and clinical characteristics. These ratios represent the odds of admission to each type of hospital when the characteristic is present, divided by the odds when that characteristic is not present, adjusted for other measured confounders.
For each of the three conditions, we constructed bar charts showing the distribution of propensity scores, by deciles, for admission to a COTH hospital. We used patients who were actually admitted to COTH hospitals as the reference group and their propensity for admission to a COTH hospital to determine deciles. We then grouped the propensity scores for COTH hospital admission of patients who were actually admitted to non-COTH teaching and nonteaching hospitals into corresponding deciles. COTH, non-COTH, and nonteaching patients who were in the same decile have similar measured confounders, but the probability of admission to a COTH hospital varies substantially by deciles. To illustrate this variability in measured confounders, we determined the characteristics of patients in the two extreme deciles (1 and 10).
Finally, we determined whether there are state or regional differences in the probabilities of admission to COTH or major teaching hospitals. We contrasted patterns of COTH hospital utilization between two states, Massachusetts and California, which differed substantially in total population, geographic area, and the number and percentage of COTH hospitals. Massachusetts has a smaller population and geographic area but a greater percentage of teaching hospitals (13 [ We performed all statistical analyses with SAS software, version 9.3 (SAS Institute, Inc., Cary, North Carolina) and plotted kernel density estimators using R software, version 2.14.0 (publicly available under the GNU General Public License at http:// www.r-project.org/). We used a Gaussian kernel density estimate with bandwidth selection using the normal reference distribution method (nrd)-three times nrd to plot the density of probability for admission to a COTH hospital for national patients, and two times nrd for Massachusetts and California patients.
The Partners/Massachusetts General Hospital institutional review board approved this study.
Results
Descriptive statistics
The distribution of hospitals and discharges by level of teaching intensity for each state are available in Supplemental Digital Table 2 , http:// links.lww.com/ACADMED/A172. Table 1 presents the overall national demographic and clinical characteristics and unadjusted 30-day all-cause mortality measured from date of admission for COTH, non-COTH teaching, and nonteaching hospitals. COTH and non-COTH teaching hospitals cared for a relatively larger percentage of acute myocardial infarction and heart failure patients than pneumonia patients, who were most often cared for by nonteaching hospitals. COTH hospitals admitted approximately twice the percentage of black patients as nonteaching hospitals for all three conditions. After trimming the highest 3% of distance differences, distance beyond nearest hospital increased monotonically across levels of hospital teaching intensity for all three conditions, although the differences were relatively small.
The percentage of acute myocardial infarction or pneumonia patients transferred into COTH hospitals from another hospital's inpatient setting or emergency department was two to six times higher than that of nonteaching hospitals. For heart failure, there was a sevenfold higher percentage of patients transferred from another hospital's inpatient setting to a COTH hospital compared with a nonteaching hospital. Conversely, compared with COTH hospitals, seven times as many acute myocardial infarction patients were transferred out of nonteaching hospitals for the same diagnosis and one to two times as many heart failure and pneumonia patients.
Differences in medical history and comorbidities were all statistically significant, in part because of the large sample sizes. Patients with prior cardiovascular conditions, such as percutaneous coronary intervention, coronary artery bypass grafting surgery, acute myocardial infarction, and unstable angina were generally more likely to be admitted to COTH hospitals, especially for cardiac primary diagnoses. There was a higher percentage of patients with a history of hypertension, renal failure, peripheral vascular disease, metastatic cancer, or chronic liver disease in COTH hospitals, and a higher percentage of patients with chronic obstructive pulmonary disease (COPD), dementia, or pneumonia in nonteaching hospitals. 
Adjusted odds ratios for admission to teaching hospitals
Propensity score analyses
Probabilities of admission to a COTH hospital for all discharges ranged from 0.031 to 0.786 across the three conditions. The deciles of propensity scores for all study patients for admission to a COTH hospital or major teaching hospital are available in Supplemental Digital Table  3 and Supplemental Digital Figure 1 , http://links.lww.com/ACADMED/ A172. Because this analysis used patients who were actually admitted to COTH hospitals as the reference, the percentage of patients within each propensity decile is 10%. Thus, summing across all deciles accounts for 100% of all patients actually admitted to COTH hospitals.
Conditional on their measured covariates, patients in lower deciles were less likely to be admitted to a COTH hospital, whereas patients in higher deciles were more likely. Table 3 provides the specific characteristics of patients in the highest and lowest probability deciles (10 and 1). Decile 10, characterized by the highest probability of admission to a COTH We required that the second admission occurred within 24 hours after the initial discharges and had the same disease diagnoses. 1.04 (1.00, 1.08) *COTH indicates academic medical centers that are COTH members; non-COTH teaching, teaching hospitals that are not COTH members but have some residency programs; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery;
AMI, acute myocardial infarction; MI, myocardial infarction; n/c, not calculated; COPD, chronic obstructive pulmonary disease. †
We used log transformation of travel distance to hospital in the model. hospitals. Conversely, in California, with proportionately fewer teaching hospitals, the distribution of linear propensity scores across the three types of hospitals was quite similar, with few patients uniquely cared for only by COTH hospitals. The findings for heart failure and pneumonia were similar but not as striking.
Alternative hospital teaching intensity classification methods
We observed similar findings to all the preceding analyses when we used various IRB criteria rather than COTH status 
Discussion
Teaching hospitals, especially COTH members, serve a number of important clinical functions in addition to their educational and research missions. Two of these functions-caring for minority populations and serving as a referral center for transfer patients, many of whom are complex and severely ill-are readily apparent in our study of three common conditions. Both illustrate the added value of teaching hospitals in the care of patient cohorts who are generally at higher risk of adverse outcomes.
Care of minority populations
COTH hospitals provide a disproportionate percentage of the care of black patients, as previous studies of minority, underserved, and poor populations have demonstrated. 1, 2, 6, 7, [17] [18] [19] [20] These populations have worse overall health care outcomes, presumably resulting from their generally lower education and socioeconomic status, lack of regular preventive care, delay in accessing acute care, and receipt of less effective, evidence-based care. 19, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Disparities in the care of minority and other vulnerable populations led the Institute of Medicine to make the provision of equitable care a major goal of health care reform. 29, 38 There are several implications of the higher proportion of minority populations cared for at COTH hospitals, including potentially higher-quality and more equitable care for such patients at these institutions. 18, 19, 39 In the study by Kahn and colleagues, 18 black or poor Medicare patients received generally inferior processes of care during hospitalizations and were more unstable at discharge compared with other patients. However, the investigators found no overall differences in quality of care by race or poverty status. This was likely because black and poor patients were 1.8 times more likely to receive their care in urban teaching hospitals, which provided higher overall quality of care. The high concentration of minority populations at teaching hospitals also presents an opportunity for health system improvement. 21 Major teaching hospitals can collect and analyze disparities data and train the next generation of physicians to provide just and equitable care regardless of race, ethnicity, gender, or socioeconomic status.
Referral center for complex and severely ill transfer patients
Our study also confirms another unique function of teaching hospitals, especially COTH members-their role as the predominant destination for transfer patients. Most transfer patients are too complex or severely ill to be cared for at their original hospital, or they require specialized services or procedures that are uniquely available at the receiving hospital, most often a teaching hospital (e.g., burn service, cardiac surgery, transplant). 40 Our study confirms that COTH hospitals remain the regional "courts of last resort," and few patients are ever transferred out of COTH teaching hospitals.
Other studies have demonstrated that the necessity to be transferred defines a group of patients at exceptionally high risk for mortality, complications, long length of stay, and high resource consumption. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Gordon and Rosenthal 42 estimated that, independent of quality of care, severity-adjusted mortality and length of stay would appear 17% and 8% higher, respectively, for hospitals having 20% interhospital transfer patients compared with hospitals having 2%. Rosenberg and colleagues 51 found that even after comprehensive adjustment for case mix and severity of illness, transfer patients had a 38% longer medical intensive care unit stay, a 41% longer hospital stay, and 2.2-fold higher odds of hospital mortality than directly admitted patients. The significantly larger percentage of patients transferred to COTH hospitals will negatively impact their performance results, whereas the converse is true for the hospitals that transfer out these sicker patients. 52 That COTH hospitals in our study had both a significantly higher percentage of transfer patients and a significantly lower unadjusted mortality rate compared with nonteaching hospitals is circumstantial evidence that they provide higher-quality care.
Our propensity score decile analyses demonstrate that aggregate patient characteristics vary in direct proportion to hospital teaching intensity. Although overlap does exist, there are certain types of patients at COTH hospitals who are rarely seen at nonteaching hospitals. Our data from Massachusetts and California suggested that the distribution of patients among hospitals of varying teaching intensity varies regionally, presumably because of both the relative availability of AMCs and local referral patterns.
Limitations
Our analyses were based on contemporary Medicare data and may not be applicable to other age groups and payers. As with any study based on administrative data, there are inherent limitations in the accuracy with which patient clinical status is characterized. Furthermore, as in any observational study, there is the potential for unmeasured confounders.
Conclusions
In addition to their medical education and research missions, teaching hospitals, especially COTH members, provide a disproportionate share of the care to historically underserved minority populations. They also are regional and national referral centers, accepting in transfer the most complex and critically ill patients-those who are most likely to experience adverse outcomes and to consume more resources.
